Introduction {#S0001}
============

Type 2 diabetes mellitus (Type 2 DM), previously considered an adult disease and non‐existent in the pediatric population in the late 20th century, has now become one of the fastest growing pediatric chronic diseases worldwide.[@CIT0001]--[@CIT0004] The SEARCH study previously showed the incidence of Type 2 DM among children to rise in the last 2 decades.[@CIT0005],[@CIT0006] The highest rates of Type 2 DM in children and adolescents have been reported in studies from the USA,[@CIT0005],[@CIT0007],[@CIT0008] with the incidence rising from 9 to 12.5 cases per 100,000 between 2002 and 2012.[@CIT0009] This incidence in the USA is expected to substantially increase linearly and might almost quadruple between 2010 and 2050 as previously modeled.[@CIT0010] European countries report a lower incidence, with an Austrian study reporting 0.29 per 100,000 per year between 1999 and 2007.[@CIT0007] In Europe, the UK has the highest reported prevalence of Type 2 DM in children aged \<17, rising from 0.53 per 100 000 in 2004--2005[@CIT0011] to 0.72 per 100 000 in 2015--2016.[@CIT0012] Not surprisingly, data from the Arab world show similar figures for childhood Type 2 DM, whereby reports from Saudi Arabia showed a prevalence of 1 per 1000 Type 2 DM in children \<18 years old,[@CIT0013] which was similar to the highest prevalence found in specific groups (American Indian and African American) in the United States.[@CIT0014]

Risk factors for developing childhood Type 2 DM are similar to those for adulthood, and include obesity, family history and ethnicity; together with the rapid rise in urbanization, sedentary lifestyles, physical inactivity and high calorie diets.[@CIT0015] Despite early indications that the prevalence of obesity in children has plateaued in several countries;[@CIT0016] childhood and adolescent obesity remains the most prominent risk factor for Type 2 DM, with documented prevalence rates of 80% occurring at the time of diagnosis.[@CIT0017] Obesity prevalence in the UK and USA has increased dramatically over the last 20 years.[@CIT0018],[@CIT0019] In North Africa and the Middle East region, the prevalence of obesity was 8.4% in boys and 10.2% in girls aged \<20 years old.[@CIT0020] Despite the increasing rates of childhood and adolescent's obesity, pediatric metabolic syndrome (MetS), a cluster of cardiometabolic risk factors associated with an increased risk for Type 2 DM, remains controversial,[@CIT0021],[@CIT0022] and a consensus definition for MetS in children and adolescents has not yet been established. There are at least 40 definitions of MetS for this age group,[@CIT0023] and the prevalence of MetS varies depending on the definition used.[@CIT0024] In 2007, the International Diabetes Federation (IDF) established a new concept for defining MetS in children and adolescents, which considers increased waist circumference as the main component for defining MetS, as well as the presence of two or more of the clinical or laboratory criteria (low HDL-c and high blood pressure, triglycerides and high glucose). The prevalence of MetS worldwide range from 1.2% to 22.6% for youth[@CIT0025] and as high as 30--50% among overweight youth,[@CIT0026] depending on the definition of MetS used, the study design, the age group and study population. Previous studies debated that the environment, in particular the typical Western diet, plays a significant role in the development of MetS.[@CIT0027]

Type 2 DM in children and adolescents is highly heterogeneous in terms of disease onset and progression. Since onset is progressive, diabetes is preceded by a range of glucose-related phenotypes characterized by a progressive decline in β-cell function defined as prediabetes.[@CIT0028] Prediabetes is a broad expression of altered glucose metabolism, including impaired fasting glucose (IFG), impaired glucose tolerance (IGT), elevated glycated haemoglobin (HbA1c), or combinations of these.[@CIT0029] Prediabetes is increasingly recognized as an important metabolic state; as well as predisposing individuals to future progression to Type 2 DM and many of the pathologies associated with diabetes.[@CIT0030] Prediabetes will progress to Type 2 DM in approximately 25% of subjects within 3--5 years, and as many as 70% of individuals with prediabetes will develop Type 2 DM within their lifetime.[@CIT0030] The rise in the prevalence of prediabetes in children and adolescents has paralleled the rise in childhood obesity observed over the past three decades.[@CIT0031] The prevalence of prediabetes has been reported in various countries across the world, including China (0.28%), Mexico (1.5%), Canada (2.6%), and UAE (5.4%).[@CIT0032]--[@CIT0035]

In the light of the high rate of obesity and physical inactivity among children in many countries as well as the rising incidence of Type 2 DM in children in the neighboring Gulf countries and Middle East region, the aim of this study was therefore to determine the prevalence of obesity, metabolic syndrome and prediabetes in Yemeni school children aged 12--13 years old.

Patients and Methods {#S0002}
====================

Study Design, Subjects and Data Collection {#S0002-S2001}
------------------------------------------

In this study a cross sectional with simple clustering sampling was used for subject selection. The capital Sana'a was divided into 10 "educational areas" as classified by the Ministry of Education. All public schools in the Yemen are sex-segregated and therefore two male public primary schools were selected randomly in each area. Then, according to the population of each school and its ratio to the total population of elementary school students, a subsample was selected randomly from two classes from the 7th grade (aged 12--13 years old). The study protocol was approved by the institutional review board (IRB) of the Faculty of Medicine and Health Sciences, Sana'a University. In the first phase, 1700 male students were selected and a questionnaire (including family history of diabetes and hypertension) as well as an Informed Consent Form was sent to each student's parents. The parents were requested to fill out the demographic and Consent Forms and return them to school if they agreed with their child's participation in the study. Informed consent was obtained from all participants after explaining the purpose and nature of the study. Of the initial number recruited, 1402 (82.5%) students gave both blood samples and physical measurements.

All school visits were carried out in five weeks between April and May 2013, and data were collected through interviews using questionnaires, collection of anthropometric measurements and blood analysis. The enrolled students were asked to come to the school in the morning after 10 hour overnight fast. On the visit day, children were weighed without shoes or heavy clothing to the nearest 0.1 Kg, and their height was measured to the nearest 0.1 cm on a calibrated scale with attached stadiometer. A standard measuring tape was used to measure waist circumference (WC) at a point right above the iliac crest on the midaxillary line at minimal respiration and the results were rounded to the nearest 1.0 cm. Body mass index (BMI) was calculated as the ratio of weight to height squared (kg/m^2^) and BMI percentiles was classified according to percentile charts for age and sex from the Centers for Disease Control and Prevention (CDC).[@CIT0036] Blood pressure (BP) was measured in the seated position using a calibrated Omron M6 IntelliSense (Healthcare, Kyoto, Japan) automatic blood pressure monitors with at least a 10-min rest period before the measurement. Two measurements were taken for all subjects at 2 minutes intervals, and the average of BP readings was calculated and recorded.

Metabolic syndrome was classified according to the IDF 2007 criteria[@CIT0037] by abdominal obesity (≥90th percentile as assessed by WC), and the presence of two or more clinical features including raised triglyceride (TG), low HDL-cholesterol (HDL-c), high systolic blood pressure (SBP) and/or diastolic blood pressure (DBP), and raised fasting blood glucose (FBG). Prediabetes was defined as FBG 110--126 mg/dl, and diabetes as FBG ≥126 mg/dl according to the ADA guidelines.[@CIT0029] Children's weights were classified as underweight: BMI \< 5th% percentile, normal weight: BMI ≥ 5th to \<85th% percentile, overweight: BMI ≥ 85th to \< 95th% percentile, and obese: BMI ≥ 95th% percentile.[@CIT0036]

Blood Collection and Biochemical Analysis {#S0002-S2002}
-----------------------------------------

A fasting venous blood (5 mL) was collected from each individual after an overnight fast of more than 10 hours and divided into two vacuumed tubes; 4 mL into plain tubes for biochemical assay and 1 mL into a K~2~EDTA tube for HbA1c. The serum was separated within 30 min and stored at - 20ºC for biochemical analysis. Haemolysate was prepared immediately for HbA1c determination within 2 hours of blood collection. Serum TG, HDL-c, and FBG were measured by an automated analyser Cobas c311 (Roche Diagnostic, USA) using their respective kits (Roche Diagnostic, Germany). Glycated haemoglobin (HbA1c) was measured in an automated Cobas c311 chemistry (Roche Diagnostic, Germany). Insulin was measured by Electrochemiluminescence immunoassay (ECL) on Elecsys autoanalyzer (Roche Diagnostics, Germany). Insulin resistance (HOMA-IR) and β-cell function (HOMA-β) were calculated using the Homeostasis Model Assessment (HOMA 2) Calculator v2.2 which is available from Oxford Centre for Diabetes, Endocrinology and Metabolism.

Statistical Analysis {#S0002-S2003}
--------------------

The statistical analyses were performed on Social Package of Social Sciences (SPSS) version 11.5 (SPSS Inc, Chicago, IL, USA). Frequency was used to describe the parameters included in this study. ANOVA was used to detect the differences between means of metabolic syndrome factors (BMI, WC, systolic and diastolic blood pressure, TG, Cholesterol, and HDL-c) and diabetic parameters (Glucose, HbA1c, insulin, HOMA-IR and HOMA-β). The significant differences were indicated if p-value was \<0.05.

Results {#S0003}
=======

The frequency of prediabetes (as defined by impaired fasting glucose) and metabolic syndrome (as classified by the IDF 2007) was 0.86% and 0.5%, respectively. In addition, 73 children had two MetS factors fulfilled and a further 284 children having one factor. The frequency of the individual MetS factors ([Figure 1](#F0001){ref-type="fig"}) showed those with low HDL-cholesterol to be the most encountered (238 children). Other common factors include: metabolic glucose (112 children), raised TG (74), DBP (20), and high WC (7). Moreover, the distribution of the studied population according to BMI percentile; showed that out of the 1402 children: 36 were obese, 58 were overweight, 1009 were normal weight and 185 were underweight. Twelve of the children had impaired fasting glucose and 84 had metabolic glucose (100--110 mg/dl) with 1114 being normoglycaemic and 78 hypoglycaemic. In addition, 15 children were hyperinsulinaemic and 33 were insulin resistance with HOMA-IR \> 3, and 226 with HOMA-IR between 2 and 3.Figure 1The frequency of the individual metabolic syndrome factors.

[Table 1](#T0001){ref-type="table"} shows comparison of the metabolic syndrome factors and diabetic parameters according to BMI, glucose level and insulin level. Waist circumference and triglyceride were significantly (p \< 0.001 and p = 0.049) higher with increasing BMI; whereas on increasing glucose level through to impaired fasting glucose; HOMA-IR and SBP were significantly (p = 0.016 and p = 0.042) increased; and both HOMA-β and HDL-c were significantly (p \< 0.001, p = 0.034) decreased. However, on comparing those with abnormally high insulin levels (hyperinsulinaemic) with the normal insulin group showed HOMA-IR, HOMA-β, triglycerides and SBP to be significantly (p \< 0.001, p \< 0.001, p = 0.005, and p = 0.024, respectively) higher in the hyperinsulinaemic group; whereas HDL-c and BMI were significantly (p = 0.002, p = 0.049) lower.Table 1Comparing of Metabolic Syndrome Factors and Diabetic Parameters According to BMI, Glucose and Insulin LevelsVariablesAccording to BMI PercentileP valueNormal Weight 5--85% (n = 1009)Over Weight \> 85--95% (n = 58)Obese \> 95% (n = 36)Age (years)13.28±1.2213.38±0.9613.03±1.1350.26WC (cm)60.36±5.1169.93±5.4874.49±8.82**\<0.001**SBP (mmHg)102.74±7.28102.9±6.14103.15±7.30.864DBP (mmHg)67.76±7.8268.43±7.3567.64±7.40.793TG (mg/dl)99.29±31.3798.79±29.45109.04±49.31**0.049**HDL-C (mg/dl)51.55±11.5450.41±13.0550.81±13.280.636Glucose (mg/dl)85.1±11.784.4±11.883.5±12.10.644Insulin (pmol/l)64.27±36.6665.37±34.8570.65±35.230.577HOMA-IR1.33±0.741.35±0.711.45±0.680.624HOMA-β135.89±69.56140.42±67.69153.65±78.850.293**According to Glucose LevelNormoglycemic** (65 ≤ 100 mg/dl) **(n = 1114)Metabolic Glucose** (100--110 mg/dl) **(n = 84)Impaired Fasting Glucose (n = 12)**Age (years)13.2±1.213.4±1.213.5±1.40.564BMI (kg/m^2^)17.4±2.817.3±2.417.8±1.980.76WC (cm)60.3±6.360.6±5.764.1±6.40.099SBP (mmHg)102.5±7.3104.1±7106.3±5.6**0.042**DBP (mmHg)67.9±7.967.2±7.770.2±8.40.558TG (mg/dl)97.5±29101±29107.8±450.134HDL-C (mg/dl)52.1±11.450.5±12.746.6±11.4**0.034**Insulin (pmol/l)64.4±36.767.3±37.880±310.273HOMA-IR1.3±0.71.5±0.81.8±0.7**0.016**HOMA-β133±60.891.5±3286.4±25.8**\<0.001According to Insulin LevelNormal Insulin** (20--173 pmol/l) **(n = 1273)High Insulin** (\>173 pmol/l) **(n = 15)**Age (years)13.3±1.213.6±1.20.37BMI (kg/m^2^)17.4±2.816.9±1.7**0.049**WC (cm)60.5±6.360.4±3.50.14SBP (mmHg)102.7±7.3103.1±6.4**0.024**DBP (mmHg)67.9±7.865.8±7.30.23TG (mg/dl)98.8±31121.7±46**0.005**HDL-C (mg/dl)51.5±11.642.3±9.1**0.002**Glucose (mg/dl)85.0±11.681.9±17.40.31HOMA-IR1.3±0.74.1±0.6**\<0.001**HOMA-β134.1±63.6352.4±145.4**\<0.001**[^1]

Discussion {#S0004}
==========

Unlike the rising incidence of Type 2 DM in children in the neighboring Gulf countries and Middle East region, this cross-sectional study of randomly selected 1402 Yemeni school children aged 12--13 years did not show the presence of Type 2 DM but clearly highlights the presence of prediabetes (0.86%) and metabolic syndrome (0.5%). The prevalence of Type 2 DM among randomly selected children and adolescents in Kuwait was estimated at 0.04% in children aged 6--18 years,[@CIT0038] and 0.12% in Saudi Arabia among children under 14 years old and 0.79% in younger adults 14--29 years.[@CIT0039] Higher prevalence was reported in overweight/obese children in Emirates (0.87%)[@CIT0034] and Turkey (2%).[@CIT0040] The higher prevalence of Type 2 DM in these Arabian Gulf countries is attributed to the rapid socioeconomic transition towards an affluent lifestyle leading to obesity and associated diseases, including diabetes, to an epidemic level.[@CIT0020]

Moreover, the prevalence of prediabetes in our Yemeni children at 0.86% is not as high as its prevalence in neighboring countries; which could be attributed to the overall lower prevalence of obesity in our society. The prevalence of prediabetes was estimated in Emirati overweight/obese children and adolescents to be 5.4% based on FBG and/or OGTT,[@CIT0034] with more than half of their pre-diabetics having a first-degree relative with Type 2 DM. Abnormal glucose metabolism is also highly prevalent among Saudi children and adolescents, exceeding 10%.[@CIT0013] The prevalence of prediabetes defined by IFG and IGT among 10--19 year old adolescents in the US was 9.2% and 8.1%, respectively.[@CIT0041] The prevalence of prediabetes and diabetes in the obese pediatric population also varies substantially across different countries and ethnicities.[@CIT0028] Progression of IFG to Type 2 DM appears to be slower in obese children and adolescents than in adults;[@CIT0028],[@CIT0042] whereas the transition from IGT to Type 2 DM has been shown to be more rapid in children and adolescents than in adults.[@CIT0043]

Similarly, the prevalence of MetS (0.5%) is by far less than those reported in other countries. The criteria for MetS used in our study are based on the proposed IDF criteria in 2007, which had been used worldwide for comparison of data from different countries.[@CIT0044] The prevalence of MetS, according to the IDF criteria, among adolescents aged 10--16 years old attending public schools in Dubai was 3.7%.[@CIT0045] Similarly, the prevalence of MetS was 3% among Qatari school children,[@CIT0046] 2.3% among Turkish school children aged 10--19 years,[@CIT0047] and 4.7% in Canadian Tsimshian Nation youth aged 6--18 years.[@CIT0048] Higher prevalence of 6.3% was reported in another Turkish study in 7--15 years old children[@CIT0049] and 16.5% among school-aged children in Pakistan based on various definitions.[@CIT0050] However, studies that have assessed the prevalence of MetS using different diagnostic criteria have consistently reported different results sometimes differing by more than two-fold.[@CIT0045]

Several reports indicate that the prevalence of childhood MetS has substantially increased during childhood and adolescence due to the increasing rate of childhood obesity on a global scale.[@CIT0049],[@CIT0051] The prevalence of MetS among obese children was reported to be more serious than that among normal weight children.[@CIT0052] Metabolic syndrome was more common in Iranian obese children with a prevalence of 0.9% in normal-weighed students, 11.3% in the overweight and 36.2% in the obese group,[@CIT0053] which is higher than those reported in Chinese,[@CIT0054] Egyptian,[@CIT0055] and Turkish children[@CIT0049] but less than another study from Turkey.[@CIT0040] Moreover, the prevalence of MetS in overweight/obese French children aged 10--16 years old was 8.9%,[@CIT0056] and that of Mexican children aged 6--12 years was 6.7%.[@CIT0057] Earlier studies have demonstrated an association between obesity and the clustering of metabolic abnormalities in early life and their persistence during adulthood.[@CIT0058],[@CIT0059] Children with MetS are at increased risk of developing Type 2 DM and cardiovascular disease (CVD) in later life; however, if the occurrence of MetS in children and adolescents is identified early, risk stratification of future cardiovascular events can be performed.[@CIT0060]

Moreover, our study also showed that in addition to those already classified as MetS, 5.21% and 20.26% of the children have two or one factor(s) of the MetS criteria fulfilled, respectively. Low HDL-c (17%) was the most prevalent MetS component, followed by metabolic glucose (8%), raised TG (5.3%), DBP (1.4%), and high WC (0.5%). Our results are in agreement with several studies reporting HDL as the predominant risk factor among adolescents, followed by high BP, in both Saudi Arabia and the UAE;[@CIT0045],[@CIT0061],[@CIT0062] with \~87% of Saudi children and adolescents aged 10--18 years old had low HDL levels.[@CIT0061] Moreover, a recent UAE study suggested that if MetS did not account for HDL levels, their prevalence would drop from 3.7% to 0.8%.[@CIT0045] Studies investigating the genetic susceptibility to having low HDL have identified several predisposing variants among Arabs.[@CIT0063] On the other hand, an Iranian study reported that 46.5% of children had at least one of the MetS components with the most prevalent MetS component was hypertension followed by abdominal obesity, hypertriglyceridemia and low HDL-C;[@CIT0053] while a Turkish study showed that the variables of greatest frequency in pre-pubertal children were hypertension, hypertriglyceridemia, low HDL-C and hyperinsulinemia, with a prevalence of 32.9%, 29.4%, 23.1%, and 14.1%, respectively.[@CIT0040] All this together indicate that a high percentage of youths with high probability of future worsening in cardiometabolic risks.

Our results also showed that out of the 1402 children studied, 4.1% and 2.4% were overweight and obese, which is lower than the rates reported in a number of neighboring countries. In the children and adolescents of Saudi Arabia, the prevalence of overweight, obesity, and severe obesity was reported to be 23.1%, 9.3%, and 2%, respectively;[@CIT0064] whereas in Qatar the prevalence of obesity and overweight among 12--17 years old boys was 23.1% and 23%.[@CIT0065] On the other hand, childhood obesity in the UAE is as high as 40--50% among school children.[@CIT0045],[@CIT0066] The recent increase in obesity prevalence among children and adolescents in Gulf countries and Middle East region and most developing countries, especially those with higher socio-economic status,[@CIT0067] could be associated with the sedentary lifestyle, lack of physical activity, urbanization, increased income, family dietary patterns and family history.

Obese children are more likely to become overweight in adulthood than healthy-weight children resulting in a health risk later in life. Youth who are overweight/obese have \~5-fold increased risk of excess adiposity in adulthood with a high risk for obesity-related comorbidities.[@CIT0068] Obese children and adolescents are at a higher risk for glucose intolerance, insulin resistance, Type 2 DM and CVD. It is now well established that higher BMI values in children, even at levels far below current overweight classifications, are associated with increased risks of Type 2 DM in adulthood.[@CIT0069] Moreover, overweight during puberty, from 13 years of age to early adulthood is associated with a higher risk of Type 2 DM than is development of overweight by early adulthood.[@CIT0070] Moreover, it has long been viewed that CVD has its origins in childhood and epidemiological evidence has revealed that many children exhibit at least one CVD risk factor[@CIT0071] such as high cholesterol or high blood pressure, which places them at a high risk for developing diabetes later in life.[@CIT0004],[@CIT0017],[@CIT0045],[@CIT0072],[@CIT0073]

Our results showed waist circumference and triglycerides to be increased with increasing BMI, which is in agreement with others observing strong associations between BMI with WC and TG.[@CIT0074],[@CIT0075] Moreover, a strong relationship between both BMI and waist circumference centile with fasting insulin was reported in children of both sexes suggesting that even in the healthy weight range, fasting insulin increases with increasing adiposity.[@CIT0074] A recent study also demonstrated that elevated TG level and WC influences the risk of insulin resistance in healthy male adolescents with parental history of Type 2 DM.[@CIT0076] Furthermore, TG and WC were recently reported to be independently associated with insulin resistance in adults, with 75% of insulin resistance being attributed to the TG level even when TG was in the normal range.[@CIT0077]

Our results also showed that on increasing glucose level through to impaired fasting glucose; HOMA-IR and SBP were significantly increased; whereas HOMA-β and HDL-c were significantly decreased. In addition, our results showed 15 children (1.2%) to be hyperinsulinaemic with the overall general characteristics of insulin resistance/pre-diabetes including: low HDL-c, high TG, and raised HOMA-IR and HOMA-β;[@CIT0078] thus reflecting what is known as β-cell compensation to accommodate for the rising insulin resistance and decreased insulin sensitivity.[@CIT0079] Moreover, 2.56% of the children were insulin resistance with HOMA-IR \> 3, and an additional 17.55% with HOMA-IR between 2 and 3. Insulin resistance has been shown to precede the development of pancreatic β-cell dysfunction in people at risk for developing diabetes thus suggesting that insulin resistance is the primary abnormality in Type 2 DM.[@CIT0080],[@CIT0081] Although different studies have made an attempt to identify normal values of insulin resistance for children and adolescents, reliable reference ranges of HOMA-IR are not available yet.[@CIT0082],[@CIT0083] An earlier study conducted on 2573 Caucasian children and adolescents demonstrated that, even though age, gender and body adiposity are responsible for insulin resistance physiological changes, values \> 1.68 in normal-weight subjects define a "non-physiological state" and may place the patient at an increased risk for CVD. However, if subjects are overweight and obese, the cut-off rises to 3.42.[@CIT0084] Variations in the underlying prevalence of obesity over time may contribute to discrepancies in insulin resistance and to the increasing incidence of Type 2 DM. Factors that contribute to compromised insulin secretion are not well known and may include epigenetic dysregulation, which is yet to be elucidated.[@CIT0085]

The strength of our study is that it is the first national study to apply the IDF consensus definition of MetS to Yemeni school-aged children which will allow for more accurate comparisons with future studies on MetS in children and adolescents. On the other hand, the limitations of our study are: First, generalization should be restricted to Yemeni children aged 12--13 years old. Second, our sample population was only male children. Third, the enrolled children were from public schools, which mainly consist of students of low socio-economic status and therefore, inclusion of private schools may have produced different results. Fourth, our sample population was collected only from one region of Yemen. Finally, international WC cut-off points were used since no WC cut-off values were available for our population.

Conclusion {#S0005}
==========

The main finding of this study is that Yemeni school-aged children between 12 and 13 years old who attended public schools in Sana'a are at potential risk of obesity, metabolic syndrome and prediabetes despite their low prevalence. Our findings highlight the importance of early screening interventions for metabolic abnormalities in children, given the negative health outcomes associated with overweight/obesity and the risk that children with MetS could develop chronic diseases, such as Type 2 DM, later in life. Such early primary care strategy may allow a targeted approach by lifestyle measures to prevent or delay the onset of these conditions in later life. Our study also showed that low HDL-c levels were the predominant MetS factor, which needs further investigations to explore the possible genetic susceptibility leading to the low HDL levels.
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[^1]: **Notes:** Data are presented as mean ± SD. Mean significant difference **p \< 0.05 bolded**. Insulin levels \< 20 pmol/l were excluded as the HOMA calculation cannot be used. BMI percentile \< 5% and FBG \< 65 mg/dl were not included in the statistical analysis.
